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程序性细胞坏死是由受体相互作用蛋白（RIP）1 和 RIP3 组成的坏死复合体
（necrosome）所介导。最近研究显示，RIP1 和 RIP3 可以通过它们各自的 RIP
同源相互作用结构域（RHIM）相互聚集形成类似淀粉纤维状的巨型聚合体。但
是，程序性坏死信号在这些巨型纤维状聚合体内部是如何进行组织和传递的还
不清楚。 利用可诱导的二聚化系统，我们发现 RIP1-RIP3 异源相互作用和
RIP3-RIP3 同源相互作用在此超分子复合物内部具有截然不同的功能。虽然
RIP1-RIP3 和 RIP3-RIP3 相互作用对于坏死信号的传递都是必需的，但是
RIP1-RIP3 异源二聚体自身无法直接诱导程序性坏死。RIP1-RIP3 异源二聚体必
需另外募集一个游离的 RIP3 蛋白，形成随后的 RIP3-RIP3 同源二聚体来触发程




















Necroptosis is mediated by a signaling complex called necrosome, containing 
receptor-interacting protein (RIP)1, RIP3, and mixed-lineage kinase domain-like 
(MLKL). It is known that RIP1 and RIP3 form heterodimeric filamentous scaffold in 
necrosomes through their RIP homotypic interaction motif (RHIM) domain-mediated 
oligomerization, but the signaling events based on this scaffold has not been fully 
addressed. By using inducible dimer systems we found that RIP1–RIP1 interaction is 
dispensable for necroptosis; RIP1–RIP3 interaction is required for necroptosis 
signaling, but there is no necroptosis if no additional RIP3 protein is recruited to the 
RIP1–RIP3 heterodimer, and the interaction with RIP1 promotes the RIP3 to recruit 
other RIP3; RIP3–RIP3 interaction is required for necroptosis and RIP3–RIP3 
dimerization is sufficient to induce necroptosis; and RIP3 dimer-induced necroptosis 
requires MLKL. We further show that RIP3 oligomer is not more potent than RIP3 
dimer in triggering necroptosis, suggesting that RIP3 homo-interaction in the complex, 
rather than whether RIP3 has formed homo polymer, is important for necroptosis. 
RIP3 dimerization leads to RIP3 intramolecule autophosphorylation, which is 
required for the recruitment of MLKL. Interestingly, phosphorylation of one of RIP3 
in the dimer is sufficient to induce necroptosis. As RIP1–RIP3 heterodimer itself 
cannot induce necroptosis, the RIP1–RIP3 heterodimeric amyloid fibril is unlikely to 
directly propagate necroptosis. We propose that the signaling events after the 
RIP1–RIP3 amyloid complex assembly are the recruitment of free RIP3 by the RIP3 
in the amyloid scaffold followed by autophosphorylation of RIP3 and subsequent 
recruitment of MLKL by RIP3 to execute necroptosis. 
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Necroptosis is a type of programmed necrosis characterized by necrosis morphological 
changes including cellular organelle swelling, cell membrane rupture 1, 2, 3 and 
dependence of receptor interacting protein (RIP)1 4 and 3 5, 6, 7. Physiological function 
of necroptosis has been illustrated in host defense 8, 9, 10, 11, inflammation12, 13, 14, 15, 16,  
tissue injury 10, 17, 18, and development 19, 20, 21. 
Necroptosis can be induced by a number of different extracellular stimuli such 
as tumor necrosis factor (TNF). TNF stimulation leads to formation of TNF receptor 1 
(TNFR1) signaling complex (named complex I), and complex II containing RIP1, 
TRADD, FAS-associated protein with a death domain (FADD) and caspase-8, of which 
the activation initiates apoptosis. If cells have high level of RIP3, RIP1 recruits RIP3 to 
form necrosome containing FADD 22, 23, 24, caspase-8, RIP1 and RIP3, and the cells 
undergo necroptosis 25, 26. Caspase-8 and FADD negatively regulates necroptosis 27 28, 29, 
30, because RIP1, RIP3 and CYLD are potential substrates of caspase-8 31, 32, 33, 34. 
Necrosome also suppresses apoptosis but the underlying mechanism has not been 
described yet. Mixed linage kinase domain-like (MLKL) is downstream of RIP3 35, 36, 
and phosphorylation of MLKL is required for necroptosis 37, 38, 39, 40, 41 42.  
Apoptosis inducing complex (complex II) and necrosome are both 
supramolecular complexes 43, 44, 45. A recent study showed that RIP1 and RIP3 form 
amyloidal fibrils through their RIP homotypic interaction motif 46 (RHIM)-mediated 
polymerization, suggested that amyloidal structure is essential for necroptosis signaling 
47. The RIP1-RIP3 heterodimeric amyloid complex is believed to function as a scaffold 
that brings signaling proteins into proximity to permit their activation. However, RIP1 
and RIP3 also can each form fibrils on their own RHIM domains in vitro. It is unclear 
how the homo- and hetero-interactions are coordinated and organized on the amyloid 
scaffold to execute their functions in necroptosis. Here, we utilized inducible 
dimerization systems to study the roles of RIP1-RIP1, RIP1-RIP3 and RIP3-RIP3 
interactions in necroptosis signaling. Our data suggested that it is the RIP1-RIP3 
interaction in the RIP1-RIP3 heterodimeric amyloid complex empowers to recruit other 















phosphorylated RIP3 can recruit MLKL to execute necroptosis. 
 
Results 
Domains in RIP1 that control dimerization or polymerization and their role in 
necroptosis and apoptosis. RIP1 contains a kinase domain, an RHIM domain and a 
death domain (DD) (Figure 1a) 48. Since dimerization or polymerization of RIP1 is 
considered to be involved in TNF-induced necroptosis and/or apoptosis 49, we first 
evaluated the contributions of these domains to the interaction between RIP1 proteins. 
HA-RIP1 mutants (Figure 1a) were co-expressed with or without Flag-tagged full 
length RIP1 in 293T cells and their interaction was determined by 
co-immunoprecipitation (Figure 1b). The results showed that both RHIM and DD were 
capable of mediating the interaction between RIP1 proteins (Figure 1b).  
Total internal reflection fluorescence (TIRF) microscopy, combined with the 
conventional pull-down assay with single-molecule, enables direct visualization of 
individual protein complex from the cell extract 50.  We use this method to determine 
the potential of DD and RHIM domain in forming dimers or polymers. We expressed 
Flag-RFP-tagged DD or RHIM domain of RIP1 in 293T cells and prepared a flow 
chamber covered with anti-Flag antibody 50. The immunoprecipitated complexes of DD 
and RHIM domain were visualized through RFP (Figures 1c and 1d). Applying a 
defined continuous laser power to these complexes could induce stepwise loss of 
fluorescence 50, thereby obtaining stoichiometric information.  The distribution of 
photobleaching steps of DD was binomial (Figure 1e and 1f), suggesting that DD of 
RIP1 prefers to form dimer. Meanwhile, the analysis of RHIM revealed bright 
fluorescent spots (Figure 1d) and unresolved bleaching steps (Figure 1g), suggesting 
RIP1’s RHIM domain potentially contributes to polymerization, as is consistent with a 
recent report indicating RHIM forms amyloidal complex 47. 
Since RIP1 is involved in necroptosis and apoptosis 48, we checked the 
requirement of its RHIM and DD in cell death. According to previous reports, 















RIP1 mutants were overexpressed in Rip1-/-Rip3d MEF, which lacks the expression of 
RIP1 and RIP3 5 (Figure 2a). As reported, overexpression of full length RIP1 leads to 
caspase-dependent cell death (apoptosis) in Rip1-/-Rip3d MEFs and 
caspase-independent cell death (necroptosis) in Rip1-/-Rip3* MEFs, in which RIP3 
expression is reconstituted (Figure 2a). Deletion of DD (∆DD) abolished its ability to 
induce apoptosis but not necroptosis (Figure 2a). Overexpression of RIP1RHIM mut∆DD, 
the RIP1 with ∆DD plus RHIMmut, could not cause RIP3-dependent necroptosis (Figure 
2a). These data demonstrated that the DD domain of RIP1 is required for apoptosis, 
while the RHIM domain is required for necroptosis. 
 
RIP1-RIP1 interaction is dispensable for necroptosis. RIP1’s RHIM domain 
mediates RIP1-RIP1 and RIP1-RIP3 interaction. To determine whether the loss of 
function of RIP1RHIM mut in necroptosis is due to defect in either RIP1-RIP1 interaction 
or RIP1-RIP3 interaction or both, we constructed RIP1 and RIP3 into a heterodimer 
expressing system. In brief, we fused RIP1RHIM mut, RIP1RHIM mut∆DD and RIP3WT with 
two heterodimer adaptors, which are FKBP (FK506 binding protein) and FRB* 
(domain of mTOR with a point mutation T2098L), as indicated (Figure 2b). The 
interaction of FKBP and FRB* can be induced by a rapamycin analog AP21976 51. The 
RHIM domain in RIP1 was mutated to ensure the inducible interaction is 
RHIM-independent.  
Overexpression of FKBP-RIP1RHIM mut or FRB*-RIP1RHIM mut caused apoptosis 
in Rip1-/-Rip3d MEFs, and this apoptosis could be abolished by DD deletion and slightly 
reduced by Nec-1, whereas overexpression of FRB*-RIP3WT caused necroptosis 
(Supplementary Figure S1a, S1b). By controlling the titer of lentiviral vectors and 
selecting the live cells, the over-expression effect was avoided and the expression 
levels of these FKBP or FRB fusion proteins were lower than their endogenous 
counterparts (Figure 2c). We then treated these cells with or without AP21967 to study 
the effect of the dimerization of given RIP1 or RIP3 mutants in Rip1-/-Rip3d MEFs. The 















of these proteins alone (Figure 2c). AP21967 induced death in cells expressing 
FKBP-RIP1RHIM mut plus FRB*-RIP3WT (Figure 2c), demonstrating the role of 
RIP1-RIP3 interaction in necroptosis. To exclude the possibility that DD-mediated 
interaction between RIP1RHIM mut proteins plays a role in AP21967-induced cell death, 
we co-expressed FKBP- RIP1RHIM mut∆DD  with FRB*-RIP3WT and found 
AP21967-induced the same level of death in these cells while compared with the cells 
expressing FKBP- RIP1RHIM mut with FRB*-RIP3WT; we co-expressed FKBP-RIP1RHIM 
mut∆DD  with FRB*-RIP1 RHIM mut∆DD  and did not detect any cells death after 
AP21967 treatment (Figure 2c). Thus, RIP1-RIP3 interaction is required for 
necroptosis while RIP1-RIP1 is dispensable. 
 
The RIP1-RIP3 heterodimer itself cannot initiate necroptosis. Because the RIP3, in 
RIP1RHIM mut-RIP3WT complex, could interact with other RIP3 via its intact RHIM 
domain, we next determined whether this RHIM domain is required for RIP1RHIM 
mut-RIP3WT -induced necroptosis (Figure 2c). We co-expressed FRB*-RIP3RHIM mut 
(Figure 2d), whose interaction with another RIP3 was disrupted by mutations in RHIM 
(Supplementary Figure S2a), with FKBP-RIP1RHIM mut in Rip1-/-Rip3d MEFs. Indeed, 
addition of AP21967 did not induce cell death in the cells expressing both 
FKBP-RIP1RHIM mut and FRB*-RIP3 RHIM mut (Figure 2d), indicating that RIP1-RIP3 
heterodimer itself cannot induce necroptosis. 
 
Recruitment of additional RIP3 proteins to RIP1-RIP3 heterodimer causes 
necroptosis. Since that inducible interaction of RIP1RHIM mut-RIP3WT, but not RIP1RHIM 
mut-RIP3RHIM mut, caused necroptosis (Figure 2d), we reasoned that RIP3WT interacts 
with other RIP3 through its RHIM during AP21967 treatment. To test this, we first 
performed co-immunoprecipitation and found that AP21967 induced dimerization of 
RIP1RHIM mut-RIP3RHIM mut, as well as RIP1RHIM mut-RIP3WT (Figure 2e). We noticed a 















T257 phosphoryation52. The T257 phosphorylation of RIP3 is not involved in 
necroptosis but why it requires RHIM domain is unclear.   
Next, we analyzed whether FRB*-RIP3WT in the RIP1RHIM mut-RIP3WT 
heterodimer is able to interact with other RIP3, by including another HA-RIP3, since 
we were unable to determine whether there was another FRB*-RIP3 in complex. 
Additional low level of HA-RIP3 did not change the profile of cell death in response to 
AP21967 (Figure 2f). From the cells co-expressing FKBP-RIP1 RHIM mut, FRB*-RIP3WT 
and HA-RIP3, we found that HA-RIP3 only interacted with AP21976-induced 
RIP1RHIM mut-RIP3WT complex, but not RIP1RHIM mut- RIP3RHIM mut complex (Figure 2g), 
thereby suggesting that inducible RIP1-RIP3 heterodimer could recruit another RIP3 
protein and this recruitment may be required for necroptosis. Caspase-8 is known to 
inhibit necroptosis 19, 20, 31 and zVAD indeed tended to increase the cell death induced 
by RIP1-RIP3 complex although the enhancement is not always statistically 
significant (Figure 2c, 2d and 2f). The participation of caspase-8 in RIP1-RIP3 
dimer-induced cell death was supported by the data that caspase-8 can be detected in 
AP21967-induced RIP1-RIP3 complex (new Supplementary Figure S2d).  
 
RIP3-RIP3 homodimerization is sufficient to trigger MLKL dependent 
necroptosis. Since RIP1-RIP3 heterodimer needs additional RIP3 protein(s) for 
necroptosis signaling (Figures 2f and 2g), we further investigated whether RIP3 
dimerization is sufficient to induce necroptosis. After confirming the AP21967-induced 
FKBP-RIP3RHIM mut and FRB*-RIP3RHIM mut interaction in 293T cells (Figure 2b and 
Supplementary Figure S2b), we co-expressed these two proteins in wildtype and 
Rip1-/-Rip3d MEF cells and examined cell death. The results showed that AP21967 
effectively induced necroptosis in cells expressing both proteins, but not any of them 
alone (Supplementary Figure S2c, 3a), indicating that RIP3 homodimer but not 
monomer induces necroptosis and this is RIP1-independent. We also used another 
dimerization system based on estrogen-induced homodimerization of hormone binding 















mutated HBD (G521R) that binds to a synthetic antiestrogen 4-hydroxytamoxifen 
(4-OHT) more effectively than estrogen 53, was used in our experiments. The HBD* 
was fused to either N- or C-terminal of RIP3 RHIM mut (Supplementary Figure S3a). The 
HBD*-RIP3RHIM mut and RIP3RHIM mut -HBD* were introduced into Rip1-/-Rip3d MEF 
cells or L929 cells, respectively. Consistently, cell death was induced by 4-OHT in 
cells expressing HBD*-RIP3RHIM mut (Supplementary Figures S3b, S3c). However, 
4-OHT did not induce death in the cells expressing RIP3RHIM mut-HBD* 
(Supplementary Figure S3b). It is possible that the fusion of HBD* to C-terminal of 
RIP3 interferes with its function. Using RIP3 with C-terminal fusion of a dimerization 
domain to study the effect of RIP3 dimerization on cell death was recently reported 
(Ref  54 and Orozco et al, co-submitted with this manuscript). They showed that 
C-terminus-mediated dimerization of RIP3∆RHIM could not induce necroptosis, which 
is in line with our observation. Nonetheless, our data demonstrated that dimerization of 
RIP3 is sufficient to trigger necroptosis.  
To determine whether RIP3 homodimer-induced necroptosis is 
MLKL-dependent, we stably expressed FKBP-RIP3RHIM mut and FRB*-RIP3RHIM mut in 
Mlkl knockout (KO) L929 cells, while Rip3 KO L929 was used as control. We found 
that RIP3 homodimerization could not induce necroptosis when Mlkl was deleted, 
while in contrast, it effectively induced necroptosis in Rip3 KO cells (Figure 3b). 
Neither zVAD nor RIP1 kinase inhibitor necrostatin-1 (Nec-1) inhibited RIP3 
homodimer-induced necroptosis (Figure 3c), confirming that RIP3 dimer induced 
necroptosis does not require RIP1 and is caspase independent. Taken together, these 
data demonstrated that, as the same as TNF-induced necroptosis, RIP3 
homodimer-induced necroptosis requires MLKL. 
To ensure that the necroptosis referred above was indeed induced by RIP3 
dimer but not polymer, we performed size exclusion chromatography to fractionate 
lysates from control and AP21967-treated cells expressing HA-FKBP-RIP3RHIM mut and 
Flag-FRB*-RIP3RHIM mut, and both Rip3 KO and Mlkl KO L929 cells were used. To 
determine which fractions are rich of the RIP3 dimer, we immunoprecipitated 















showed that AP21967-induced complex was present in the fractions 15-16 with 
molecular mass of 158-440 kDa (Figure 3d), while this complex could not be detected 
in mock-treated cells, and the results are similar in Rip3 KO and Mlkl KO cells (Figure 
3d).  
To analyze the size of TNF-induced endogenous RIP1/RIP3 complex for 
comparison, we used a L929 cell line, in which a Flag tag coding sequence was inserted 
into the RIP3 gene to express C-terminal Flag-tagged RIP3 and it behaves the same as 
wildtype L929. The co-immunoprecipitation showed that RIP1 interacted with Flag 
tagged RIP3 in the fractions 9-10 (Figure 3e), as is consistent with published results that 
RIP1/RIP3 complex is about 2 mega Dalton (MDa) 43, 44. These data confirmed that the 
size of AP21967-induced RIP3 complex is different from TNF-induced RIP1/RIP3 
complex.  
To further determine the exact size of AP21967-induced RIP3 complex, we 
cross-linked proteins with disuccinimidyl suberate (DSS), and immunoprecipitated 
Flag-FRB*-RIP3RHIM mut. Western blotting of the Flag-immunoprecipitates with 
anti-HA antibody revealed an AP21967-induced complex with a molecular mass 
between 130 and 170 kDa (Figure 3f). Since the molecular masses of 
HA-FKBP-RIP3RHIM mut and Flag-FRB*-RIP3RHIM mut are 75 and 70 kDa, respectively, 
AP21967 indeed induced dimerization of RIP3. It needs to note that we did not see a 
band between 130 and 170 kDa in the Western analysis of Flag-immunoprecipitates 
by anti-flag antibody, which is most likely due to that the Flag-immunoprecipitates 
containing all kinds of crosslinked Flag-FRB*-RIP3 which covered the signal of 
Flag-RIP3 in the HA-FKBP-RIP3RHIM mut and Flag-FRB*-RIP3RHIM mut dimers. DSS 
appears to have cross-linked a large number of different proteins since the monomers 
of HA- and Flag- tagged proteins were dramatically reduced after DSS treatment (Fig. 
3f). Another note is that we only can detect RIP3 dimer but not RIP3-MLKL complex 
in the crosslinking experiments, which might be due to that RIP3-MLKL complex is 
















Oligomerization of RIP3 is not more potent than dimerization in generating 
necroptosis signaling. TNF-induced necrosome complex is mega Dalton in size 43, 44, 45 
and a fibrillar core structure of RIP1-RIP3 complex in cells has been observed 47. Since 
RIP1-RIP3 interaction itself cannot trigger necroptosis, there must be RIP3-RIP3 
homodimeric or oligomeric interaction in necrosome for necroptosis signaling. 
Because RIP3 itself can form amyloidal oligomers in vitro 47, we sought to determine 
whether there is difference in necroptosis signaling if dimer or oligomer of RIP3 was 
formed. To address this, we first examined whether FKBP-RIP3WT and 
FRB*-RIP3RHIM mut complex contains multiple RIP3, since RHIM is responsible for 
oligomerization 47. We co-expressed both proteins in L929 cells and analyzed 
AP21967-induced RIP3 complexes by size exclusion chromatography (Figure 4a). We 
detected that RIP3 dimer complex formed by RIP3WT-RIP3RHIM mut mainly in fractions 
13-16, and that a small portion of complex containing RIP3WT-RIP3RHIM mut as well as 
endogenous RIP3 in fractions 7-10 with molecular mass of 2 MDa, indicating that 
AP21967 induced a complex containing multiple RIP3 (Figure 4a). The amount of 
RIP3 in the 2 MDa complex is about 10% of that in dimer complex based on the 
measurement of HA and endogenous RIP3 (Figure 4a). We then co-expressed 
Flag-FRB*-RIP3RHIM mut together with HA-FKBP tagged RIP3RHIM mut or RIP3WT in 
L929 cells. We found that AP21976-induced cell death were completely comparable, 
regardless whether RIP3WT or RIP3RHIM mut was co-expressed with 
Flag-FRB*-RIP3RHIM mut (Figure 4b), suggesting that the complex containing RIP3 
oligomer was not more potent than RIP3 dimer in mediating necroptosis. Similar 
results were also observed in Rip3 KO cells (Figure 4c). Thus, as for necroptosis 
signaling per se RIP3 dimer and oligomer are functionally the same. 
 
RIP3 dimerization leads to intra-molecular auto-phosphorylation of RIP3. RIP3 is 
auto-phosphorylated in necrosome 37, 52. However, it is not clear whether RIP3 
auto-phosphorylation is mediated by inter- or intra-molecular reaction. We examined 















(T213/S232) antibody. The result showed that RIP3 dimerization led to 
phosphorylation on T231 or S232 (Figure 5a). There was no phosphorylation in kinase 
dead mutant (D143N), but normal phosphorylation on the kinase normal partner in 
AP21967-induced homodimer (Figure 5b, lanes 1-8), indicating that the 
auto-phosphorylation in homodimer is mediated by intra-molecular reaction. Since 
induced RIP1-RIP3 interaction triggers RIP3 dimerization (Figure 2g), we also 
determined the phosphorylation of T231/S232 on RIP3 within hetrodimer and found 
that only WT RIP3, but not RHIM mutant, was phosphorylated (Supplementary Figure 
S2e). This auto-phosphorylation is independent of MLKL, because similar results were 
also observed in Mlkl KO cells (Figure 5b, lanes 13-20). The specificity of 
anti-phospho-RIP3 antibody was determined by the phosphorylation sites mutant 
(T231A/S232A, indicated as AA) (Figure 5b, lane 9-12). Wild type RIP3 was still able 
to undergo auto-phosphorylation when it dimerized with RIP3 (AA) mutant (Figure 5b, 
lane 9,10). Collectively, our data demonstrate that RIP3 auto-phosphorylation is an 
intra-molecular reaction and independent of MLKL. 
It is known that RIP3’s kinase activity and autophosphorylation are required for 
necroptosis 52. However, it is not clear if the loss of kinase activities or T231/S232 
phosphorylations in one or some RIP3 protein molecules in necrosome would affect 
necroptosis signaling. We co-expressed FKBP and FRB* tagged RIP3RHIM mut 
containing no mutation, K51A (kinase dead) or D143N (kinase dead) mutation or AA 
mutation with different combinations in Rip3 KO L929 cells, and measured 
AP21967-induced necroptosis. We found that although one kinase dead RIP3 in a 
dimer blocked its own phosphorylation, as long as the other RIP3 in the dimer has 
kinase activity, the dimer is still capable to induce necroptosis (Figure 5c, lane 1-4,7). 
Only the loss of the kinase activity of both RIP3 molecules in homodimer led to 
completely loss of the function of triggering necroptosis (Figure 5c lanes 5-6 and 8-9). 
Similar results were observed when AA mutant was used (Figure 5c lanes 10-12). 
Further time course experiments showed that defect in kinase activity or 
auto-phosphorylation of one RIP3 in dimer attenuated dimer-induced necroptosis 















but the kinase activity mediated auto-phosphorylation of each RIP3 protein has additive 
effect on triggering necroptosis. 
 
Dimerization mediated phosphorylation of RIP3 leads to recruitment of MLKL. 
To investigate whether dimerization-induced phosphorylation of RIP3 is required for 
MLKL recruitment, we co-expressed FKBP and FRB* tagged RIP3RHIM mut in L929 
cells and treated the cells with or without AP21967. The co-immunoprecipitation 
results showed that MLKL was detected in the immunoprecipitates of RIP3 dimer in 
Rip3 KO but not in control Mlkl KO cells (Figure 6a). We next tested whether D143N 
or AA mutation would affect the recruitment of MLKL and found that neither the dimer 
of kinase dead mutant nor that of phosphorylation sites mutant could recruit MLKL 
(Figure 6b). Thus, RIP3 dimerization mediated auto-phosphorylation of RIP3 is 




It is known that necrosome is an MDa complex. Although the other necrosome 
components such as FADD and caspase-8 contribute to the size of necrosome, the 
amyloid complex of RIP1 and RIP3 should be the core of necrosome. It is known that 
RHIM domain in RIP1 and RIP3 mediates polymerization of RIP1 and RIP3 to form 
heterodimeric amyloid scaffold, which provides a platform for signaling reactions to 
occur in necrosome 47. But the role of RIP1-RIP3 hetero- and RIP3-RIP3 
homo-interaction, order of the signaling events and how the signaling proteins 
organized on the amyloid scaffold is still important to know. Based on the data 
presented in this report, we proposed a model shown in Figure 6c. The upstream signal 
leads to the formation of RIP1-RIP3 heterodimer, which functions as seeds to form 
heterodimeric amyloid scaffold; the interaction with RIP1 enables RIP3 in the end of 
the scaffold fibril to recruit other free RIP3; the RIP3-RIP3 interaction leads to RIP3 
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